Information and communication technology (ICT) has revolutionized almost all aspects of human life. Thus, examining the effect of this technology on social problems such as traffic congestion, environmental pollution, urban design, land use etc. is of immense importance for transportation planning. Using 303 questionnaires completed correctly by residents of Tehran, this study applied Structural Equation Modelling to investigate the effect of ICT usage in a broader definition on 27 types of out-of-home activities, which were classified into three categories of subsistence, maintenance and leisure activities. The results showed th e complementary/generation effect of ICT usage on travel demand. The use of ICT was also found to increase the time spent on subsistence activities and decrease the time spent on maintenance activities, as out-of-home maintenance activities can be carried out more easily and rapidly by Internet, and so people naturally prefer to follow this approach.
Introduction
Information and Communication Technology (ICT) consists of all advanced communication and data transmission technologies that form the modern communication systems. These technologies have revolutionized many of the traditional human activities, making them easier, faster, and economic. Furthermore, this technology-driven revolution is manifested in concepts such as e-working, e-shopping and e-learning. After the advent of ICT, the use of ICT-based tools increased at a significant rate. ICT capabilities can simplify the activity-based travels in the urban transportation system, so the impact of these capabilities on different types of travel is particularly important for transportation planners. It is noteworthy that the use of ICT has increased in Tehran in the recent years. For instance, from 4,211,229 households in Tehran, 2,683,972 households have access to the internet, while 2,738,765 households and 4,175,236 households use computers and cell phones respectively in 2016. It shows more than half of Tehran population is currently using different kinds of ICT (Statistical Centre of Iran, 2015) .
Outdoor activities can be divided into three categories: a) Subsistence activities, which are related to the work, such as going to work, school or university. b) Maintenance activities, which are a series of actions performed to meet the households' physiological or biological needs such as buying food, taking children to/from school, visiting doctor, going to the bank. c) Leisure activities, which are the set of outdoor activities related to their leisure, which includes going to the cinema, visiting friends and relatives, and going to sports activities.
ICT usage can affect the aforementioned activities in four ways including: 1) Substitution: ICT usage may reduce the activity-based travels by providing alternative solutions to eliminate the demand. 2) Complementary/generation: ICT usage may generate new travels that would not be made in its absence. 3) Modification: ICT usage may transform the travels not by removing and replacing them but by altering different aspects of the travels including the travel time, travel chain and travel mode. 4) Neutrality: sometimes ICT usage may have no effect on individual activities and their related travels (Mokhtarian, 2004) .
The purpose of this study is to investigate the effect of ICT usage (e-working, e-shopping, e-learning, etc.) on the travel behaviour and the number of daily travels more precisely for a longer term. It can determine that the allocated time of which activities (leisure, subsistence, maintenance) is whether affected by ICT positively or negatively, and to see whether ICT decreases or increases the total number of daily travels. As a result, it is possible to control the time and number of these activities during the peak hours to prevent the production of unnecessary travels regarding the development of ICT. Overall, most researches that have studied the short-term and small-scale effect of ICT usage on travel have found a substitution relationship, but those focusing on large-scale and long-term effects have reported that ICT usage contributes to generate more travels. The aim of the present study is to examine and combine the above-mentioned factors to develop a model for a long-term planning. According to literature, the relationship between ICT usage and travel can be examined via two approaches: a) aggregate level (general) studies, and b) disaggregate level. The following sections will shed light on these two approaches.
The Aggregate Level
As one of the earliest aggregate studies, Selvanathan E.A. and Selvanathan S. (1994) evaluated a simultaneous equation system of consumer demand for four types of service: private transport, public transport, communication tools, and other services. This study, which was based on data pertaining to the period of 1960-1986 from two countries, Australia and the United Kingdom, reported that private transport, public transport, and communication tools have a pairwise substitution relationship. It was also reported that any increase in the price of one service increases the demand for other services. Plaut (1997) described the relationship between transportation and communication services in the industrial sector of nine European countries, and stated that about two-thirds of all transportation and communication services are being used by the industrial sector. He also used input-output analysis to determine the complementary effect between transportation and communication units. Plaut (1999) has also showed this complementary effect for non-EU countries. Senbil and Kitamura (2003) used 766 samples taken from Osaka, Japan, to examine the relationship between the telecommunication tools (landline and cell phone) and subsistence and maintenance activities. After using the number of landline and mobile calls as exogenous variables of structural equation model, they found that telecommunication tools have a substitution relationship with work activities, a complementary/generation relationship with leisure activities, and a neutrality relationship with maintenance activities. Wang and Law (2007) examined the effects of ICT skills (experience of using email, Internet and video calls) on the time spent on the three types of activities as well as travel behaviour. They used structural equation model based on daily activities of 4,395 respondents in Hong Kong and found that the use of ICT increases the outdoor leisure activities, the total number of travels, and travel time. The results demonstrated the complementary relationship between the use of ICT and travel. Choo et al. (2010) used travel generation models to examine the relationship between travel and ICT usage (landline and cell phone call time per day, and the time spent online per day). This study was based on data of 269 respondents in South Korea regarding their daily activities and the use of ICT. The relationship of variables was examined with regression and structural equation models and both models showed that the use of ICT increases the travel, which means they have a complementary relationship. Ren and Kwan (2009) used a structural equation model based on the information gathered on normal daily activities and the use of Internet in two midweek days, in order to examine the complex relationship between different types of physical and Internet activities, while focusing on the impact of travellers' gender on leisure and maintenance activities. This study proves that the effect of Internet activities on travel pattern varies based on the gender. Dal Fiore et al. (2014) outlined a vision of how smart phones and computers will affect the future travels. They stated that mobile technology can induce new behaviours in travellers, sometimes reducing and other times increasing the number of travels by changing the costs and benefits. Ben-Elia et al. (2014) studied the interaction between ICT, activity fragmentation and travel behaviour, and stated that the idea of activity fragmentation is associated with how to divide the activities into smaller components so that these components can be spatially and temporally reorganized with ICT. Pawlak et al. (2015) presented a framework for joint modelling of ICT bundle, travel mode and the choice of physical or virtual activity. Lila and Anjaneyulu (2016) explored the impact of ICT on the activity and travel behaviour in Bangalore, India. The Structural Equation Modelling showed that ICT generated more leisure activities. Van Wee (2015) discussed about the increasing of ICT-based activity patterns and their replacement with travel among young people. In the same topic, Delbosc and Mokhtarian (2018) examined the relationship between physical and virtual social interaction. They concluded that social media use could not reduce travel demand among younger people. In addition, Vine et al., (2016) indicated that internet usage correlated positively with time spent at out-of-home activities and travelling. Finally, it should be noted that new theoretical and methodological advances are employed for discussing the interrelationship between ICT, activity, time use and mobility (Ben-Elia et al., 2018) .
In this study, travel-activity-communication information pertaining to a two-day period was gathered, and was then used in a path analysis for modelling based on demographic and land use factors. The results showed that activity fragmentation decreases the work travels, limits the prospect of private non-work travels, and can allocate more time to travel and leisure activities.
The Disaggregate Level
Differing from the aggregate studies, most disaggregate empirical studies have focused on specific telecommunications applications, such as telecommuting, e-shopping and teleconferencing. The short-term impact of telecommuting on transport has been the subject of a number of empirical studies (Hamer et al., 1991; Pendyala et al., 1991; Koenig et al., 1996; Henderson and Mokhtarian, 1996; Mokhtarian and Varma, 1998) . These studies reported that telecommuting decreased the roundtrip commute distance, but had no significant impact on one-way commute distance. They also reported that the effect of changes in transportation mode, either using public transport, carpooling or personal car, was insignificant. One of the popular applications of ICT is teleconferencing which means using the audio-visual tools to hold meeting with people from different locations. Teleconferencing can be significantly used for organizational and business meetings, either to create or share high-quality information by increasing the number of participants or/and to reduce the travel costs, and can act as a complementary means to physical travel. Teleconferences are easier to arrange, so they allow the meetings to be held more frequently and with more participants, however, occasionally there is a need to produce a physical trip to access the hardware required to attend the web conference. Teleconferences can also replace the routine business travels, allowing the time and money to be saved for more sensitive meetings (Mokhtarian, 1998) . Another application of ICT is e-shopping. Mokhtarian and Salomon (2002) studied the impact of e-commerce and e-shopping on travel behaviour and reported that the time saved due to e-shopping may be assigned to other travels. The empirical studies based on structural equation modelling found that the time saved by women would be assigned to additional shopping and other maintenance activities (Gould and Golob, 1997; Gould et al., 1998) . Mokhtarian (2004) suggested that ICT leads to fragmentation and recombination of basic elements of shopping process, and reported that many factors can affect the interaction between e-shopping, and while some results show that e-shopping reduces the travel, other results indicate the opposite. She concluded that the ultimate effect of eshopping on travel could be negative (generation of more travel). Recent studies focus on product type (search goods and experience goods) to explore the interaction between e-shopping and in-store shopping for them (Zhen et al., 2016; Zhai et al., 2017; Zhen et al., 2018) . The research of Thulin and Vilhelmson (2007) suggested that they are activities that generate travel and the impact of ICT on travel must be defined based on transformation or facilitation of participation in activities and the time needed for these activities. They reported that using ICT allows the physical activities such as going to bank to be replaced with alternatives such as e-banking and while this replacement has a direct substitution effect, it may also have indirect travel generation or modification effects. The next sections introduce the model used in this study, describe the method of data collection, and finally present the structural equation model.
Methodology

Data Collection
Data collected for this study includes the extent of ICT usage, details of participation in physical activities (i.e. trips made) during two midweek days (the reasons for engaging in the activity, activity time, travel time associated with the activity, travel mode, etc.) and socio-demographic variables. The participants consisted of Tehran residents and were not limited to any particular age group, social class or education level. Depending on respondents' physical or psychological conditions, some may fail to fill the questionnaire in full, or may provide vague or irrational responses. So, a total of 355 questionnaires were collected through random personal interview in universities, shopping centres, the book fair, festivals, and other busy places with considering different age group, gender, education level, income level, job category, diversity of attitudes, etc. during the spring of 2015. In order to increase the accuracy of the analysis those questionnaires with missing data in some parts were neglected and dropped from the pool of analysed questionnaires. Consequently, in total 303 questionnaires were selected for initial analysis. (Response rate=86%).
The questionnaire consisted of three different sections: (i) ICT usage of respondents; (ii) out-ofhome activities of individuals during two midweek days; (iii) socio-economic questions such as gender, age, education, etc. The questionnaire was filled out in midweek days at evening because the second part questioned the out-of-home activity in that exact day and the day before since travel behaviour might change during the weekend in terms of trip purpose and consequently the time spent for each travel. Thus, this paper has focused on travel behaviour during the working days since the travel routine could be examined better during the working days while covering the major part of the week. Overall, data collection phase took about forty days to be completed. Descriptive analysis of data was performed with the SPSS.23 software. Some of the results of this analysis are listed in Table 1 . According to these results, the age range with the highest frequency of respondents was 21-25 years old, and the ones with the lowest frequency were 56-60 years old, and above 60 years old. 
Research Model
In this study, Structural Equation Modelling (SEM) was employed for estimating the relationship between observed variables (that can be directly measured) and latent variables (that cannot be directly or exactly measured). SEM has two components: measurement model (specifies that how latent variable is associated with its observed variables) and structural model (determines the relationships among latent variables or the relationships between latent variables and observed variables that are not indicators of latent variables). The structural model estimates the effects of exogenous variables (independent) on endogenous variables (dependent) or the effects of endogenous variables on each other. In addition, this model can estimate the coefficients of direct effect, indirect effect and total effect of variables on each other. SEM can be represented as:
where Y is a k×1 matrix containing the endogenous variables (k: the number of endogenous variables). X is a j×1 matrix containing the exogenous variable (j: the number of exogenous variables). B is a k×k matrix representing the relationships among endogenous variables. Γ is a k×j matrix representing the effects of exogenous variables on endogenous variables and ζ is a k×1 matrix representing the error.
Results
Measurement model
The model is founded on the theory developed by Golob (2000) . According to Golob theory, travel is derived from activity participation and also the ICT-induced changes in time allocation for activities may lead to changes in travel behaviour. He has provided the activity-based conceptual model shown in Figure 1 . Following Golob's theory, in this study, travel is defined as the out-of-home activity. (Golob, 2000) In this study, the rate of ICT usage was considered as a latent variable because it might not be measured directly. It can be measured by nine observed variables (questionnaire items): cell phone usage per day, Internet usage per day, frequency of checking e-mail, frequency of e-shopping, e-banking, telecommuting, video calls, usage of e-learning services, and watching online videos. In measurement model, the factor loading for every item was investigated based on Maximum Likelihood Estimation (MLE). According to the one latent variable, nine observed variables and factor loading (which is 0.5); the minimum required data for modelling is 90 questionnaires (Wolf et al., 2013) . However, in order to have a more precise analysis, in this study 303 questionnaires are analysed. The results of standardized and nonstandardized coefficients, error, T statistic, and P statistic are shown in Table 2 . It should be noted that in measurement models, one of the observed variables value is fixed to one called fixed parameter, in order to make the calculation easier and then compare the coefficients with each other. Checking Email is a fixed parameter, therefore, the other values (SE, T-value, and P-value) are not calculated. Goodness of fit indices: , Degrees of freedom (df) = 27 (should be less than 3), Root Mean Square Error of Approximation (RMSEA) = 0.062 (should be less than 0.08), Comparative Fit Index (CFI) = 0.907 (should be greater than 0.9)
Structural model
After applying Confirmatory factor analysis (CFA) in the first step of modelling, the structural model was developed using AMOS23 software. For this purpose, time spent on out-of-home subsistence, maintenance and leisure activities, the total number of daily trips and ICT usage were considered as endogenous variables, and socio-demographic variables including gender, age, education level, employment status and occupation were used as exogenous variables. The hypothesized relationship between endogenous and exogenous variables is shown in Figure 2 . Table 3 and 4 show the relationships among endogenous variables and the relationships between endogenous variables and exogenous variables, respectively. The hypothetical causal links between variables have been derived by the measurement model and literature review. In addition, literature review and past experience show that there are some internal relationships between endogenous and exogenous variables. The hypothetical links used in this model have inspired one the most suitable one described in Wang and Law (2007) . In fact, ICT usage has been measured by one question (do you use the internet?) in Wang's model while in this study, it is considered as a latent variable and can be measured by nine observed variables. The next subsections describe first the effect of ICT usage on the time spent on activities and travel behaviour and then the effect of demographic variables on ICT usage, activities and travel behaviour. Table 5 shows the direct, indirect and total effect (sum of direct and indirect effects) of endogenous variables on each other (relationship between the times of activities and travel behaviour irrespective of the effect of ICT usage on these parameters). According to this table, direct and total effect of ICT usage on subsistence activities are both positive, which means that ICT usage lead to allocation of more time to subsistence activities. (This result is consistent with Wang and Law (2007) ). Whereas, direct, indirect and total effects of ICT usage on maintenance activities are all negative, which indicate that ICT usage reduces the time allocated to maintenance activities both directly and indirectly. Considering the prevalent usage of internet, nowadays, out-of-home maintenance activities are conducted easier and quicker which have persuaded many people to use it. It should be noted that although ICT usage showed a negative impact on leisure activities, the significance level of this impact was less than 90%, so it was disregarded. However, this insignificance may be due to the selection of two midweek days for the study which may be considered unsuitable for leisure activities. Overall, it can be concluded that ICT usage reduces the time spent on maintenance activities by eliminating activities such as going to the bank or shopping, and part of this saved time is spent on subsistence activities. This might be because of the stagnant economic conditions at the time of the study and people might work overtime. The table also shows the positive signed direct and total effects of ICT usage on the total number of daily travels; however, the indirect effect of ICT usage on this parameter is negative, although it could be neglected due to the low value it presents, i.e. -0.073. Nevertheless, according to Table 6 , which shows the role of intermediary factors in indirect relationship of ICT usage with activity-based travel behaviour, much of the above-mentioned negative effect is due to maintenance activities. According to table 5, the time spent on subsistence activities has an inverse relationship with the time spent on maintenance and leisure activities. Moreover, the number of travels has increased with the increase of this time. Alike subsistence activities, the time spent on maintenance activities has an inverse relationship with the time spent on leisure activities, and a positive relationship with the total number of daily travels. These results are obviously expectable, because the more time we dedicate to a particular activity, the less time we have for other activities, and the more time we dedicate to out-of-home activities the more travel we generate.
Discussion
The effect of ICT usage on the time spent on activities and travel behaviour
Some Studies have reported that the use of ICT tools, especially the Internet, leads to generation of more travel (Srinivasan and Reddy Athuru, 2004; Wang and Law, 2007) . One of its reasons is that the time saved by reducing the out-of-home maintenance activities is mostly used to do more subsistence activities, which according to the Golob theory, leads to increased number of travels. So the results support the complementary/generation effect of ICT usage on the number of travels reported in some of the previous studies (Salomon, 1986 
The effect of exogenous variables on endogenous variables
As Table 7 shows, most socio-demographic variables affect the ICT usage. Age was found to have a significant negative impact on the ICT usage. This result supports the reports of previous studies stating that younger people are more willing to use ICT tool (Casas et al., 2001) . This could be because young people are more knowledgeable about the ICT concepts and more willing to explore new technologies, including ICT applications such as the Internet, mobile, video call and others. The results obtained about gender show that men are more willing to use ICT tools. The reason behind this observation could be that women are more inclined to certain physical activities such as traditional shopping, which means they are less inclined to replace them with ICT applications such as e-shopping. It also shows that employment status has a positive relationship with the ICT usage, which means employed people use ICT tools more frequently. This could be because employed people often try to do all their activities as quickly as possible and also have better access to the financial resources required for the use of ICT tools. This table also shows that level of education has a positive impact on the ICT usage meaning that more educated people are more inclined to use ICT tools. This is because educated people are generally more familiar with new technologies and more willing to adapt their lifestyle to new concepts.
Socio-demographic variables showed some effects on the time spent on subsistence, maintenance, and leisure activities as well as travel behaviour. The positive coefficient of gender effect on subsistence activities and the number of travels and the negative coefficient of its effect on maintenance and leisure activities indicate that men have a higher number of subsistence activities and daily travels while women have a higher number of maintenance and leisure activities. This might be due to the socio-cultural context where men are perceived as the main breadwinner of the families, thus they are more likely to engage in subsistence activities. Examining the age coefficients shows that older people have less subsistence and travel frequency and more maintenance and leisure activities. This might be because older people have lower subsistence or maintenance concerns and are more likely to rest or engage in leisure activities. The results show that people with higher education have a lower travel frequency, but they have negative maintenance and leisure coefficients and positive subsistence coefficient. In other words, more educated people tend to spend more time on subsistence activities and less time on maintenance and leisure ones. Employed people were found to have a lower frequency of maintenance and leisure activities, higher frequency of subsistence activities, and higher number of travels.
Conclusions
Today, development of modern science has entwined our life with the concepts of Information and Communication Technology (ICT) to the extent that some of our daily activities seem impossible without it. Thus, examining the effect of this technology on social problems such as traffic congestion, environmental pollution, urban design, land use etc. is significantly important for transportation planning. A deep understanding about the impact of ICT usage on individual or organized travels can also be beneficial in the fields such as information systems, economics and commerce. In developing countries such as Iran, the use of ICT is increasing at a rapid rate, so careful examination of ICT impacts on activity-based travel behaviour of the users of transportation system can contribute to improvement of transportation planning to tackle the traffic problems as the dilemma in metropolises.
This study examined the complex relationship among the ICT usage, and engagement in activities, travel behaviour and demographic variables. In the sampling process conducted in the city of Tehran during the spring of 2015, a total of 355 samples were collected, of which 303 were entered into the model. A structural equation model was developed based on maximum likelihood estimation to determine the relationship between different research parameters using AMOS23 software. The results showed the complementary/generation effect of ICT usage on travel behaviour. In other words, ICT usage increases the number of daily travels. Furthermore, the ICT usage was found to increase the time allocated to subsistence activities and decrease the time spent on maintenance activities since out-of-home maintenance activities can be carried out more easily and rapidly by the Internet, and naturally, people prefer to use this method. It is notable that although ICT usage showed a negative effect on leisure activities, this effect was not statistically significance (%86) Therefore, it can be stated that ICT usage has no direct effect on leisure activities. It was found that in case of a decrease in the time spent on out-ofhome maintenance activities, the saved time could indirectly lead to generation of new subsistence activities which leads to increased number of travels according to the Golob theory (Golob, 2000) .
Considering that Iran is still a developing country and lacks the sufficient ICT infrastructure, policymakers may be able to control the demand for physical travels over medium and long terms through targeted development of ICT in e-banking, e-shopping, and e-working while teaching people how to use these capabilities correctly. In fact, people's awareness can be raised by public advertisement in the media so that they are taught how to use new technology efficiently in order to prevent to make a physical travel for the same purpose. Incorrect use of ICT might increase the total number of trips; however, the efficient ICT usage can significantly reduce travels. For example, ones might select a product via the internet but they may generate some trips for testing, evaluation or even purchasing it. So, it is possible to control these kinds of generated trips through educating people in terms of using the internet and trusting eshopping in order to avoid further trips. Furthermore, online shops can also encourage people toward eshopping by offering special services (reducing price, seasonal offers, increasing warranty or product return, and so on.) to avoid extra travels. As another example, banks can encourage their customers to use the Internet by offering some facilities and services or by restricting some banking activities to the internet bank.
It has been assumed that ICT usage as a latent variable influences travel behaviour and also all types of activities affect each other. This study has its own constraints like other questionnaire-based studies. Although the questions were designed in a simple way, most of them were filled out physically and it was needed to explain each part of questionnaire separately in order to ensure respondents understood the questions, so a lot of time spent in the clarification. An additional limitation of the data collected is possible sample bias. It is possible that individuals with strong pre-existing attitudes and preformed opinions towards ICT are more likely to respond to a survey about the topic. Though this is not a truly random sample, valid insight is provided through the disaggregate model controlling for individual characteristic. In addition, travel behaviour was surveyed just for two mid-day week in order to achieve the pattern (Revealed Preference); however, travellers usually go to work or school (substantial activity) during the week. Further research could investigate travel pattern for a longer period including weekends in order to gain a better understanding of RP.
Finally, we provide the following recommendations for future studies: a) this study considered only the user demand, but a more detailed analysis is needed to examine both supply and demand simultaneously. For example, the supply of transportation (expressed with the route-length available in the city and travel costs) and the supply of ICT infrastructure (expressed with the total length of provided wire and available Internet bandwidth) can be incorporated into the model. b) Like physical activities, virtual (online) activities can be categorized into three classes meaning that activities can be divided into the following categories: Physical activities (subsistence, maintenance, and leisure) and virtual activities (subsistence, maintenance, and leisure). c) Due to the physiological differences in the needs of men and women, they are naturally different in their physical and virtual activities. Therefore, further studies can be carried out with gender-specific settings. d) Transportation can have substitution or complementary effects on the use of ICT tools. For example, being trapped in a jammed highway can encourage the drivers to use cell phones and the Internet to acquire real-time traffic information and online routing guidance. So, the effect of transportation on the use of ICT tools can also be subjected to investigation.
